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Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S242Purpose: To understand the role of the chondrocyte primary cilium in
mechanotransduction. The primary cilium is a singular organelle
protruding outward from the mature centriole into the extracellular space,
decorated with many receptors and integrins. The tubulin scaffold, ciliary
membrane and proteome are constructed and maintained by dynein
motors and intraﬂagellar transport cargos. In many cell types such as
kidney epithelia, vascular endothelium and osteocytes, primary cilia are
involved in mechanotransduction, often through the activities of poly-
cystin 1 and 2 located on the cilium. Physiologically cartilage experiences
mechanical signals, altering cell behaviour, that include compression and
ﬂuid ﬂow. It is thought aberrant mechanotransduction may be one factor
in the development of tissue pathology. Here we test the hypothesis that
the cilium is essential for chondrocyte mechanotransduction and the up-
regulation of proteoglycan synthesis through an established purinergic
pathway involving the release of ATP and subsequent activation of Ca2+
signalling.
Methods: To test this we used a hypomorphic mutation of Tg737, which
encodes for IFT88, and abolishes genesis and growth of the cilium and
which has been shown in vivo to result in murine matrix patterning
defects. Awell-established 3D agarose culture systemwas implemented to
allow compressive loading of murine WT and Tg737 chondrocytes in
culture followed by the quantiﬁcation of ATP release with a luciferase
assay, calcium transients by means of Fluo-4 imaging, and matrix
production by qPCR and biochemical assay. Additionally expression of
purinergic receptors (P2R) and polycystins (PC) 1 and 2 were assessed by
western blot and immunocytochemistry.
Results: Compression of WT chondrocytes increased calcium transients
(p<0.05) and matrix production at gene and protein levels (p<0.05)
however these mechanosensitive responses were not present in Tg737
chondrocytes. Mechanosensitive ATP release (p<0.01) was maintained
between WT and Tg737 cells implying that the cilium is required for ATP
reception or transduction. Indeed, exogenous addition of ATP up-regulated
Ca2+ transients in WT (p<0.001) but did not in Tg737 cells, although there
were no differences in P2R expression. In Tg737 cells PC-1 expression was
altered such that the full size protein product was absent.
Conclusions: We conclude that the primary cilium is essential for chon-
drocyte mechanotransduction through the regulation of purinergic Ca2+
signalling. We speculate that this may be attributed to a role for the cilia
protein polycystin-1. This demonstrates the central role for the chon-
drocyte primary cilium in cartilage physiology in the context of the
chondrocyte response to mechanical stimuli.
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MECHANICAL STRAIN STIMULATES HEDGEHOG SIGNALLING IN ADULT
ARTICULAR CHONDROCYTES AND REDUCES PRIMARY CILIA LENGTH
C.L. Thompson 1,2, J.P. Chapple 2, M.M. Knight 1. 1Queen Mary Univ. of
London, London, United Kingdom; 2Barts and the London Sch. of Med. and
Dentistry, London, United Kingdom
Purpose: Hedgehog proteins constitute a family of secreted morphogens
that have crucial roles in skeletal development. Indian Hedgehog (Ihh),
a member of this family, regulates chondrocyte proliferation and differ-
entiation and directs endochondral bone formation. During development
Ihh exhibits mechanosensitive gene expression and is proposed to act as
a transducer of mechanical signals. Hedgehog signalling is aberrantly
activated in osteoarthritis and promotes cartilage degradation through the
upregulation of ADAMTS-5. However, the mechanism responsible for up-
regulating hedgehog signalling is unknown. Hedgehog signalling requires
the primary cilium, a microtubule based organelle that projects out from
the cell into the extracellular space.
We propose that mechanical loading of adult chondrocytes regulates Ihh
gene expression and inﬂuences primary cilia structure leading to complex,
dose dependent mechanoregulation of hedgehog signalling and down-
stream ADAMTS-5 activity.
Methods: Articular chondrocytes were harvested from adult bovine
metacarpal-phalangeal joints. Chondrocytes were subjected to 5, 10 or 20%
cyclic tensile strain at a frequency of 0.33Hz for 1hr. Quantitative real-time
PCR was used to monitor the gene expression of Ihh, ADAMTS-5 and
Patched-1 (Ptch1). Changes in the expression of Ptch1 were used as
a measure of Hh pathway activation. Primary cilia prevalence and lengthwere quantiﬁed using confocal images of cells labelled with acetylated
a-tubulin (n>300 cells).
Results: Ihh gene expression was signiﬁcantly upregulated at all strain
levels (p<0.05). No signiﬁcant differences were observed between strain
magnitudes. Ptch1 gene expression was signiﬁcantly increased at 5% and
10% strain (p<0.05) indicative of hedgehog pathway activity. This was
accompanied by signiﬁcant increases in ADAMTS-5 gene expression
(P<0.05). No signiﬁcant changes in Ptch1 or ADAMTS-5 expression were
observed at 20% strain. Mean primary cilia length was signiﬁcantly
reduced by mechanical strain (p<0.05) in a dose-dependent manner with
cilia becoming progressively shorter with increasing strain magnitude. No
change in primary cilia prevalence was observed.
Conclusions: We have shown for the ﬁrst time that Ihh exhibits mecha-
nosensitive expression in adult articular chondrocytes. We demonstrate
themechanonsensitive activation of hedgehog signalling and upregulation
of ADAMTS-5 expression. In addition we show changes in chondrocyte
primary cilia length may lead to the attenuation of hedgehog signalling.
Greater cilia length, as reported in osteoarthritis, is associated with greater
hedgehog-mediated ADAMTS-5 expression and will result in greater
cartilage degradation. Thus these two mechanisms may explain the aber-
rant upregulation of hedgehog signalling in osteoarthritis.
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EX VIVO MECHANICAL STIMULATION COUNTERACTS IL-1 EFFECT ON
HUMAN OA CARTILAGE EXPLANTS
E. Assirelli 1, L. Pulsatelli 1, P. Dolzani 1, R. Meliconi 1,2, A. Facchini 1,2,
S. Neri 1. 1 Lab. Immunoreumatologia e rigenerazione tissutale/RAMSES,
Istituto Ortopedico Rizzoli, Bologna, Italy; 2Dip. Med. Clinica, Università di
Bologna, Bologna, Italy
Purpose: Mechanical loading regulates development and long-term
maintenance of joint tissues that are sensitive to the magnitude, duration
and nature of mechanical stimuli. Accumulating evidence suggests that
physiological joint loading helps maintain cartilage integrity while
reduced loading and overloading have catabolic effects. Mechanical
stimulation is also involved in the pathogenesis of osteoarthritis. However,
the mechanisms of regulation of joint homeostasis by mechanical stimuli
are not completely elucidated. In particular, most of the studies on
mechanical stimulation has been conducted on isolated chondrocytes,
while few data are available on human cartilage tissue. We aimed to
investigate chondrocyte response induced by ex vivo compression of
human OA cartilage explants in basal conditions and in the presence of
pro-inﬂammatory stimuli.
Methods: Samples were collected from ten OA patients, aged 72,2  7,02
(mean  SD) years, undergoing knee replacement surgery. For each
specimen at least 16 full thickness biopsies were obtained and subjected to
controlled physiological compression in the Flexcell FX-4000C stage
presser apparatus (Flexcell International Corporation, USA): three rounds
of stimulation of 4hrs with 20 hrs interval, 6% compression (36 kPa), 1Hz
frequency. After mechanical stimulation, biopsies were recovered and
used for total RNA extraction (pulverization at MicKrodismembrator S,
Sartorius, Italy) and /or stored for subsequent histological and immuno-
histochemical analyses. Semi-quantitative RT-PCR analysis of aggrecan,
collagen II, SOX9, aggrecanases ADAMTS 4 and 5 was performed in respect
to GAPDH expression. Culture supernatants were analysed for sulfated
glycosaminoglycan (GAG) content by Dimethylmethylene blue assay.
Mechanically stimulated samples were compared to non-compressed ones
and also evaluated under pro-inﬂammatory stimuli: IL-1b (2 ng/ml) alone
or in combination with IL-4 (10 ng/ml), selected for its pivotal role in
chondrocyte anabolic response to mechanical stimulation.
Results: Despite the very low amount of available cartilage tissue from
human OA biopsies it was possible to quantify different cartilage matrix
markers of homeostasis from the recovered total RNA. Relative mRNA
expression indicated that mechanical stimulationmodify the expression of
aggrecan, collagen II, sox9 and ADAMTS4 molecules. In particular, we
observed that the proinﬂammatory effect of IL-1 on collagen II and
aggrecan was signiﬁcantly counterbalanced by mechanical compression
both in basal conditions and in the presence of IL-4 (collagen II: p¼0.018
basal vs. IL-1 and p¼0.043 IL4 vs. IL-1 in non compressed samples, not
signiﬁcant after compression; aggrecan: p¼ 0.018 basal vs. IL-1 and
